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(2k + 1)th-ORDER FIXED POINTS IN G-METRIC SPACES
YAE´ ULRICH GABA1,2 AND COLLINS AMBURO AGYINGI2
Abstract. We establish three major fixed-point theorems for functions satisfying an odd
power type contractive condition in G-metric spaces. We first consider the case of a single
mapping, followed by that of a triplet of mappings and we conclude by the case of a family
of mappings. The results we obtain in this article extend similar ones already present in the
literature.
1. Introduction and Preliminaries
G-metric fixed point theory is a growing area in the mathematical analysis because of its
applications in areas like optimization theory and differential equations. It is worth pointing
out that G-metrics appeared as a correction (provided by Mustafa[8]) of the D-metric space
theory introduced by Dhage[1]. Indeed it was shown (see [7]) that certain theorems involving
Dhage’s D-metric spaces are flawed, and most of the results claimed by Dhage and others
are invalid. In the literature, there are many results dealing with G-metric spaces and those
can be read in [4, 5, 10, 11]. In the present manuscript, as in most papers dealing with
G-metric fixed points, the key tool lies on the study of the character of the sequence of
iterates {T nx}∞n=0 (resp. {Ti(xi−1)}
∞
i=0) where T : X → X (resp. Ti : X → X ), x ∈ X and
X a complete G-metric space, is (resp. are) the map (resp. maps) under consideration.
Elementary facts about G-metric spaces as well as their properties related to can be found
in [4, 8] and the references therein. We give here a summary of these requirements.
Definition 1.1. (See [8, Definition 3]) Let X be a nonempty set, and let the function
G : X ×X ×X → [0,∞) satisfy the following properties:
(G1) G(x, y, z) = 0 if x = y = z whenever x, y, z ∈ X ;
(G2) G(x, x, y) > 0 whenever x, y ∈ X with x 6= y;
(G3) G(x, x, y) ≤ G(x, y, z) whenever x, y, z ∈ X with z 6= y;
(G4) G(x, y, z) = G(x, z, y) = G(y, z, x) = . . ., (symmetry in all three variables);
(G5)
G(x, y, z) ≤ [G(x, a, a) +G(a, y, z)]
for any points x, y, z, a ∈ X .
Then (X,G) is called a G-metric space.
Definition 1.2. (See [8]) Let (X,G) be aG-metric space, and let {xn} be a sequence of points
of X , therefore, we say that (xn) is G-convergent to x ∈ X if limn,m→∞G(x, xn, xm) = 0,
that is, for any ε > 0, there exists N ∈ N such that G(x, xn, xm) < ε, for all, n,m ≥ N . We
call x the limit of the sequence and write xn → x or limn→∞ xn = x.
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Proposition 1.3. (Compare [8, Proposition 6]) Let (X,G) be a G-metric space. Define on
X the metric dG by dG(x, y) = G(x, y, y)+G(x, x, y) whenever x, y ∈ X. Then for a sequence
(xn) ⊆ X, the following are equivalent
(i) (xn) is G-convergent to x ∈ X.
(ii) limn,m→∞G(x, xn, xm) = 0.
(iii) limn→∞ dG(xn, x) = 0.
(iv) limn→∞G(x, xn, xn) = 0.
(v) limn→∞G(xn, x, x) = 0.
Definition 1.4. (See [8]) Let (X,G) be a G-metric space. A sequence {xn} is called a
G-Cauchy sequence if for any ε > 0, there is N ∈ N such that G(xn, xm, xl) < ε for all
n,m, l ≥ N , that is G(xn, xm, xl)→ 0 as n,m, l → +∞.
Proposition 1.5. (Compare [8, Proposition 9])
In a G-metric space (X,G), the following are equivalent
(i) The sequence (xn) ⊆ X is G-Cauchy.
(ii) For each ε > 0 there exists N ∈ N such that G(xn, xm, xm) < ε for all m,n ≥ N .
Definition 1.6. (Compare [8, Definition 4]) A G-metric space (X,G) is said to be symmetric
if
G(x, y, y) = G(x, x, y), for all x, y ∈ X.
Definition 1.7. (Compare [8, Definition 9]) A G-metric space (X,G) is G-complete if every
G-Cauchy sequence of elements of (X,G) is G-convergent in (X,G).
Theorem 1.8. (See [8]) A G-metric G on a G-metric space (X,G) is continuous on its
three variables.
We conclude this introductory part with:
Definition 1.9. (Compare [11, Definition 2.1]) For a sequence (an)n≥1 of nonnegative real
numbers, the series
∑∞
n=1 an is an α-series if there exist 0 < λ < 1 and n(λ) ∈ N such that
L∑
i=1
ai ≤ λL for each L ≥ n(λ).
Definition 1.10. (Compare [3, Definition 6]) A sequence (xn)n≥1 in a G-metric space (X,G)
is a λ-sequence if there exist 0 < λ < 1 and n(λ) ∈ N such that
L−1∑
i=1
G(xi, xi+1, xi+1) ≤ λL for each L ≥ n(λ) + 1.
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2. The results
Theorem 2.1. Let (X,G) be a complete G-metric space. Suppose the map T : X → X
satisfies
G2k+1(Tx, Ty, T z) ≤ λG(x, Tx, Tx)Gk(y, Ty, Ty)Gk(z, T z, T z) (2.1)
for all x, y, z ∈ X, where 0 ≤ λ < 1, and some k ∈ N. Then T has a unique fixed point.
Proof. Let x0 ∈ X be arbitrary and construct the sequence {xn} such that xn+1 = Txn.
Moreover, we may assume, without loss of generality that xn 6= xm for n 6= m.
For the triplet (xn, xn+1, xn+1), and by setting dn = G(xn, xn+1, xn+1), we have:
G2k+1(Txn−1, Txn, Txn) = G
2k+1(xn, xn+1, xn+1)
≤ λG(xn−1, xn, xn)G
k(xn, xn+1, xn+1)G
k(xn, xn+1, xn+1).
Thus, we have
G(xn, xn+1, xn+1) ≤ λG(xn−1, xn, xn) ≤ . . . ≤ λ
nG(x0, x1, x1).
Hence for any m > n, we have
G(xn, xm, xm) ≤ G(xn, xn+1, xn+1) +G(xn+1, xn+2, xn+2)
+ · · ·+G(xm−1, xm, xm)
≤ (qn + · · ·+ qm−1)G(x0, x1, x1)
≤
λn
1− λ
G(x0, x1, x1).
and so G(xn, xm, xm) → 0, as n,m → ∞. Thus {xn} is G-Cauchy sequence. Due to the
completeness of (X,G), there exists u ∈ X such that {xn} G-converges to u.
On the other hand, using (2.1), we have
G2k+1(Txn−1, Txn−1, Tu) ≤ qG(xn−1, xn, xn)G
k(xn−1, xn, xn)G
k(u, Tu, Tu)
Letting n → ∞, and using the fact that G is continuous on its variable, we get that
G2k+1(u, u, Tu) = 0. Therefore, Tu = u, hence u is a fixed point of T . If v a fixed point of
T , then we have
G2k+1(u, u, v) = G2k+1(Tu, Tu, Tv)
≤ qG(u, Tu, Tu)Gk(u, Tu, Tu)Gk(v, Tv, Tv)
= 0.
Thus, u = v. Now we know the fixed point of T is unique.

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Corollary 2.2. Let (X,G) be a complete G-metric space. Suppose the map T : X → X
satisfies
G2k+1(T px, T py, T pz) ≤ qG(x, T px, T px)Gk(y, T py, T py)Gk(z, T pz, T pz) (2.2)
for all x, y, z ∈ X, where 0 ≤ λ < 1, and some p, k ∈ N. Then T has a unique fixed point.
Proof. From Theorem 2.1 we know that T p has a unique fixed point (say ξ), that is, T pξ = ξ.
Since Tξ = TT pξ = T p+1ξ = T pTξ, so Tξ is another fixed point for T p , and by uniqueness,
we have Tξ = ξ. 
Theorem 2.3. Let (X,G) be a complete G-metric space. Suppose the maps T, P,Q : X → X
satisfy
G3(Tx, Py,Qz) ≤ λG(x, Tx, Tx)G(y, Py, Py)G(z, Qz,Qz) (2.3)
for all x, y, z ∈ X, where 0 ≤ λ < 1. Then T, P and Q have a unique common fixed point.
Proof. Let x0 ∈ X , and define the sequence {xn} by
x1 = Tx0, x2 = Px1, x3 = Qx2 = · · · ,
x3n+1 = Tx3n, x3n+2 = Px3n+1, x3n+3 = Qx3n+2.
Using (2.3) and assuming, without loss of generality, that xn 6= xm for each n 6= m, we have
G3(Tx0, Px1, Qx2) = G
3(x1, x2, x3)
≤
≤ λG(x, Tx, Tx)G(y, Py, Py)G(z, Qz,Qz)
We then conclude that
G(x3n+1, x3n+2, x3n+3) ≤ λ G(x3n, x3n+1, x3n+2) .
In the same manner, it can be shown that
G(x3n+2, x3n+3, x3n+4) ≤ λ G(x3n+1, x3n+2, x3n+3) ,
and
G(x3n, x3n+1, x3n+2) ≤ λ G(x3n−1, x3n, x3n+1) ,
so that
G(x3n, x3n+1, x3n+2) ≤ λ
3nG(x0, x1, x2),
G(x3n+1, x3n+2, x3n+3) ≤ λ
3nG(x1, x2, x3),
G(x3n+2, x3n+3, x3n+4) ≤ λ
3nG(x2, x3, x4).
Therefore, for all n
G(xn, xn+1, xn+2) ≤ λ
n r(x0) ,
with
r(x0) = max{G(x0, x1, x2), G(x1, x2, x3), G(x2, x3, x4)}.
Hence for any l > m > n, we have
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G(xn, xm, xm) ≤ G(xn, xn+1, xn+1) +G(xn+1, xn+2, xn+2)
+ · · ·+G(xl−1, xl−1, xl)
≤ G(xn, xn+1, xn+2) +G(xn+1, xn+2, xn+3)
+ · · ·+G(xl−2, xl−1, xl)
≤
λn
1− λ
r(x0).
Similarly, for the cases l = m > n, and l > m = n, we have
G(xn, xm, xl) ≤
λn−1
1− λ
r(x0).
Thus is {xn} is G-Cauchy and hence G-converges. Call the limit ξ. From (2.3), we have
G(Tξ, x3n+2, x3n+3) ≤ λG(ξ, T ξ, T ξ)G(x3n+1, x3n+2, x3n+2)G(x3n+2, x3n+3, x3n+3) (2.4)
Taking the limit in (2.4) as n → ∞, and using the fact that the function G is continuous,
we obtain
G(Tξ, ξ, ξ) ≤ 0,
that is G(Tξ, ξ, ξ) = 0 and hence Tξ = ξ. Similarly, one shows that
Pξ = ξ = Qξ.
Moreover, if η is a point such that
η = Tη = Pη = Qη,
then from (2.3), we can write
G3(Tξ, Pη, x3n+3) ≤ λG(ξ, T ξ, T ξ)G(η, Pη, Pη)G(x3n+2, x3n+3).
Taking the limit, we obtain,
ξ = Tξ = Pη = η.
Similarly, one gets ξ = Tξ = Qη = η. This completes the proof.

In the same manner, one easily establish the following:
Theorem 2.4. Let (X,G) be a complete G-metric space. Let Ti : X → X, i = 1, 2, · · · be a
family of maps that satisfy
G3(Tix, Tjy, Tkz) ≤ qG(x, Tix, Tix)G(y, Tjy, Tjy)G(z, Tkz, Tkz) (2.5)
for all x, y, z ∈ X, where 0 ≤ q < 1. Then the Ti’s, i = 1, 2, · · · , have a unique common
fixed point.
We conclude this section with the following result, where we make use of the idea of α-series.
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Theorem 2.5. Let (X,G) be a complete G-metric space. Let Ti : X → X, i = 1, 2, · · · be a
family of maps that satisfy
G3(Tix, Tjy, Tkz) ≤ ∆k i,jG(x, Tix, Tix)G(y, Tjy, Tjy)G(z, Tkz, Tkz) (2.6)
for all x, y, z ∈ X, where 0 ≤ ∆k i,j < 1. If the series
∑∞
i=1 ∆i+2 i,i+1 is an α-series, then the
Ti’s, i = 1, 2, · · · , have a unique common fixed point.
Proof. We will proceed in two main steps.
Claim 1: Any fixed point of Ti is also a fixed point of Tj and Tk for i 6= j 6= k 6= i.
Indeed, assume that x∗ is a fixed point of Ti and suppose that Tjx
∗ 6= x∗ and Tkx
∗ 6= x∗.
Then
G3(x∗, Tjx
∗, Tkx
∗) = G3(Tix
∗, Tjx
∗, Tkx
∗)
≤ ( ∆k i,j)G(x
∗, x∗, x∗)G(x∗, Tjx
∗, Tjx
∗) +G(x∗, Tkx
∗, Tkx
∗)].
So G3(x∗, Tjx
∗, Tkx
∗) = 0, i.e. Tix
∗ = x∗ = Tjx
∗ = Tkx
∗.
For any x0 ∈ X , we build the sequence (xn) by setting xn = Tn(xn−1), n = 1, 2, · · · . We
assume without loss of generality that xn 6= xm for any n,m ∈ N. Using (2.6), we obtain
G3(xn, xn+1, xn+2) = G
3(Tn(xn−1), Tn+1(xn), Tn+2(xn+1))
≤
(
∆n+2 n,n+1
)
G(xn−1, xn, xn)G(xn, xn+1, xn+1)G(xn+1, xn+2, xn+2)
≤
(
∆n+2 n,n+1
)
G(xn−1, xn, xn+1)G(xn, xn+1, xn+2)G(xn, xn+1, xn+2)
by property (G3).
Hence
G(xn, xn+1, xn+2) ≤
(
∆n+2 n,n+1
)
G(xn−1, xn, xn+1)
and we obtain recursively
G(xn, xn+1, xn+2) ≤
(
∆n+2 n,n+1
)
G(xn−1, xn, xn+1)
≤
(
∆n+2 n,n+1
) (
∆n+1 n−1,n
)
G(xn−2, xn−1, xn)
≤
(
n∏
i=1
∆i+2 i,i+1
)
G(x0, x1, x2).
If we set ri = ∆i+2 i,i+1, we have that
G(xn, xn+1, xn+2) ≤
[
n∏
i=1
ri
]
G(x0, x1, x2).
Therefore, for all l > m > n
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G(xn, xm, xl) ≤ G(xn, xn+1, xn+1) + G(xn+1, xn+2, xn+2)+
+ · · ·+G(xl−1, xl−1, xl)
≤ G(xn, xn+1, xn+2) + G(xn+1, xn+2, xn+3)+
+ · · ·+G(xl−2, xl−1, xl),
and
G(xn, xm, xl) ≤
([
n∏
i=1
ri
]
+
[
n+1∏
i=1
ri
]
+ · · ·+
[
n+l−1∏
i=1
ri
])
G(x0, x1, x2)
=
l−1∑
k=0
[
n+k∏
i=1
ri
]
G(x0, x1, x2)
=
n+l−1∑
k=n
[
k∏
i=1
ri
]
G(x0, x1, x2).
Now, let λ and n(λ) as in Definition 1.9, then for n ≥ n(λ) and using the fact that the
geometric mean of non-negative real numbers is at most their arithmetic mean, it follows
that
G(xn, xm, xl) ≤
n+l−1∑
k=n
[
1
k
(
k∑
i=1
ri
)]k
G(x0, x1, x2)
=
(
n+l−1∑
k=n
αk
)
G(x0, x1, x2)
≤
αn
1− α
G(x0, x1, x2).
As n→∞, we deduce that G(xn, xm, xl)→ 0. Thus (xn) is a G-Cauchy sequence.
Moreover, since X is G-complete there exists u ∈ X such that (xn) G-converges to u.
If there exists n0 such that Tn0u = u, then by the claim 1, the proof of existence is complete.
Otherwise for any positive integers k, l, we have
G3(xn, Tku, Tlu) = G
3(Tnxn−1, Tku, Tlu)
≤ ( ∆l n,k)G(xn−1, xn, xn)G(u, Tku, Tku)G(u, Tlu, Tlu).
Letting n→∞ we obtain G3(u, Tku, Tlu) = 0, i.e. u = Tku = Tlu and u is a common fixed
point to the Ti’s. The uniqueness of the fixed point is readily seen from condition (2.6).

The next two results are variants of Theorem 2.5. We shall state them without proof as the
proofs follow the same technique as the one we just presented.
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Theorem 2.6. Let (X,G) be a complete G-metric space. Let Ti : X → X, i = 1, 2, · · · be a
family of maps that satisfy
G3(Tix, Tjy, Tkz) ≤ ∆k i,jG(x, Tix, Tix)G(y, Tjy, Tjy)G(z, Tkz, Tkz) (2.7)
for all x, y, z ∈ X, where 0 ≤ ∆k i,j < 1. If
i) for each j, k, lim supi→∞ ∆k i,j < 1 ,
ii)
∞∑
n=1
Cn <∞ where Cn =
n∏
i=1
ri =
n∏
i=1
∆i+2 i,i+1,
then the Ti’s have a unique common fixed point in X.
Theorem 2.7. Let (X,G) be a complete G-metric space. Let Ti : X → X, i = 1, 2, · · · be a
family of maps. Assume that there exist a sequence (an) of elements of X such
G3(Tix, Tjy, Tkz) ≤ ∆k i,jG(x, Tix, Tix)G(y, Tjy, Tjy)G(z, Tkz, Tkz) (2.8)
for all x, y, z ∈ X, where ∆k i,j := G(ai, aj, ak), and with 0 ≤ ∆k i,j < 1, i, j, k = 1, 2, · · · .
If the sequence (ri) where ri = ∆i+2 i,i+1 is a non-increasing λ-sequence of R
+ endowed with
the max 1 metric, then the Ti’s, i = 1, 2, · · · , have a unique common fixed point.
The main result of this section (generalization of Theorem 2.4) then goes as follows:
Theorem 2.8. Let (X,G) be a complete G-metric space. Let Ti : X → X, i = 1, 2, · · · be a
family of maps that satisfy
G2k+1(Tix, Tjy, Tkz) ≤ qG(x, Tix, Tix)G
k(y, Tjy, Tjy)G
k(z, Tkz, Tkz) (2.9)
for all x, y, z ∈ X, where 0 ≤ q < 1 and some k ∈ N. Then the Ti’s, i = 1, 2, · · · , have a
unique common fixed point.
Proof. For any x0 ∈ X , we build the sequence (xn) by setting xn = Tn(xn−1), n = 1, 2, · · · .
We assume without loss of generality that xn 6= xm for any n,m ∈ N. Using (2.9), we obtain
G2k+1(xn, xn+1, xn+2) = G
2k+1(Tn(xn−1), Tn+1(xn), Tn+2(xn+1))
≤ qG(xn−1, xn, xn)G
k(xn, xn+1, xn+1)G
k(xn+1, xn+2, xn+2)
≤ qG(xn−1, xn, xn+1)G
k(xn, xn+1, xn+2)G
k(xn, xn+1, xn+2)
by property (G3).
Hence
G(xn, xn+1, xn+2) ≤ qG(xn−1, xn, xn+1), (2.10)
By usual procedure from (2.10), since q < 1, it follows that {xn} is a G-Cauchy sequence.
By G-completeness of X , there exists x∗ ∈ X such that {xn} G-converges to x
∗.
1The max metric m refers to m(x, y) = max{x, y}
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For any positive integers k, l, we have
G2k+1(xn, Tku, Tlu) = G
2k+1(Tnxn−1, Tku, Tlu)
≤ qG(xn−1, xn, xn)G
k(u, Tku, Tku)G
k(u, Tlu, Tlu).
Letting n → ∞ we obtain G2k+1(u, Tku, Tlu) = 0, i.e. u = Tku = Tlu and u is a common
fixed point to the Ti’s. The uniqueness of the fixed point is readily seen from condition (2.9).

Remark 2.9. Variants of Theorem 2.8 can also be easily formulated using ideas from Theorem
2.6 and Theorem 2.7 respectively. This will be left to the reader.
Theorem 2.10. Let (X,G) be a complete G-metric space. Let T : X → X be a G-continuous
mapping that satisfies
G2k+1(T 2k−1x, T 2kx, T 2k+1x) ≤ qAk(x) (2.11)
where
Ak(x) = G(T
2k−2x, T 2k−1x, T 2k−1x)Gk(T 2k−1x, T 2kx, T 2kx)Gk(T 2kx, T 2k+1x, T 2k+1x)
for x ∈ X, where 0 ≤ q < 1 and some k ∈ N. Then T has a fixed point.
Proof. For any x0 ∈ X , we build the sequence (xn) by setting xn = Tn(xn−1), n = 1, 2, · · · .
We assume without loss of generality that xn 6= xm for any n,m ∈ N.
First, observe that for n ∈ N, large enough, we can find l ∈ N such that xn = T
2k+1xl. So
G2k+1(xn, xn+1, xn+2) = G
2k+1(T 2k−1xl, T
2kxl, T
2k+1xl)
≤ qAk(xl).
Moreover,
Ak(xl) = G(T
2k−2xl, T
2k−1xl, T
2k−1xl)G
k(T 2k−1xl, T
2kxl, T
2kxl)G
k(T 2kxl, T
2k+1xl, T
2k+1xl)
= G(xn−1, xn, xn)G
k(xn, xn+1, xn+1)G
k(xn+1, xn+2, xn+2)
≤ G(xn−1, xn, xn+1)G
k(xn, xn+1, xn+2)G
k(xn, xn+1, xn+2)
by property (G3).
Hence
G(xn, xn+1, xn+2) ≤ qG(xn−1, xn, xn+1), (2.12)
By usual procedure from (2.12), since q < 1, it follows that {xn} is a G-Cauchy sequence. By
G-completeness of X , there exists x∗ ∈ X such that {xn} G-converges to x
∗. Furthermore,
since T is G-continuous, from xn+1 = Txn , letting n→∞ at both sides, we have x
∗ = Tx∗.
Thus, x∗ is a fixed point of T .

Theorem 2.11. Let (X,G) be a complete G-metric space. Let T : X → X be a mapping
that satisfies
G2k+1(T 2k−1x, T 2ky, T 2k+1z) ≤ qAk(x) (2.13)
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where
Ak(x) = G(T
2k−2x, T 2k−1x, T 2k−1x)Gk(T 2k−1y, T 2ky, T 2ky)Gk(T 2kz, T 2k+1z, T 2k+1z)
for x, y, z ∈ X, where 0 ≤ q < 1 and some k ∈ N. Then T has a unique fixed point.
References
1. B. C. Dhage; Generalized metric spaces and mappings with fixed point, Bull. Calcutta Math. Soc. 84,
329-336, 1992.
2. Y. U. Gaba; Metric type spaces and λ-sequences, Quaestiones Mathematicae 40(1) 2017: 49-55.
3. Y. U. Gaba; λ-sequences and fixed point theorems in G-metric spaces, Journal of the Nigerian Mathe-
matical Society, Vol. 35, pp. 303-311, 2016.
4. Y. U. Gaba; Fixed point theorems in G-metric spaces, J. Math. Anal. Appl. 455 (2017) 528-537.
5. Z. Mustafa, M. Khandagjy and W. Shatanawi, Fixed Point Results on Complete G-metric Spaces, Studia
Scientiarum Mathematicarum Hungarica, vol 48, 2011, no 3, 304-319.
6. Z. Mustafa, H. Obiedat, and F. Awawdeh; Some fixed point theorem for mappings on a complete G-
metric space, Fixed Point Theory and Applications Volume 2008, Article ID 189870, 12 pages.
7. Z. Mustafa and B. Sims Some remarks concerning D-metric spaces, Proceedings of International Confer-
ence on Fixed Point Theory and Applications, Yokohama Publishers Valencia Spain, July 13-19, 189-198,
2004.
8. Z. Mustafa and B. Sims; A new approach to generalized metric spaces, Journal of Nonlinear Convex
Analysis, 7 (2006), 289–297.
9. Z. Mustafa, B. Sims, Fixed Point Theorems for Contractive Mappings in Complete G-Metric
Spaces, Fixed Point Theory and Applications, vol. 2009, Article ID 917175, 10 pages, 2009.
doi:10.1155/2009/917175.
10. W. Shatanawi; Fixed point theory for contractive mappings satisfying Φ-maps in G-metric spaces, Fixed
Point Theory and Applications 2010, Article ID 181650, 2010.
11. V. Sihag, R. K. Vats and C. Vetro; A fixed point theorem in G-metric spaces via α-series, Quaestiones
Mathematicae Vol. 37 , Iss. 3,Pages 429-434, 2014.
1Institut de Mathe´matiques et de Sciences Physiques (IMSP)/UAC, Porto-Novo, Be´nin.
E-mail address : gabayae2@gmail.com
2 Department of Mathematical Sciences, North West University, Private Bag X2046, Mma-
batho 2735, South Africa.
E-mail address : : collins.agyingi@nwu.ac.za
10
